Lilium pumilum DC has been used as an important medicinal and edible plant species in China. To provide sufficient experimental evidence for further utilization of wild L. pumilum, 12 organs were evaluated for phenolic compounds and antioxidant capacities. The results showed that (−)-epicatechin was the most abundant phenolic compound, and salicylic acid as the most abundant phenolic acid. The leaf, flower bud, petal and upper stem had higher phenolic compound contents and stronger antioxidant capacities.
Plants from the Lilium genus are an abundant source of a number of natural products [1] , designated as "functional foods". Evaluations of the chemical composition and biological activities of edible Lilium have been an active area of research in recent years [2] . Different compounds have been reported in this genus, such as carbohydrates [3] , proteins, fats, amino acids, vitamins [4] , alkaloids [5] , phenolics [2] , flavonoids [6] , carotenoids [7] , sterols [8] , steroidal saponins [1] , and steroidal glycoalkaloids [9] . The Lilium genus comprises about 110 species, with a wide geographical distribution. There are great differences between species in terms of their functional components [1, 2] , and previous studies have identified lily species with high nutritional values and important biological activities.
Lilium pumilum D.C. (Liliaceae) is endemic to Mongolia, Eastern
Siberia, Korea, and Northern China. The ecological niches of the species include meadows, hills, grasslands, and forests or woodland edge gardens. The variety of growing conditions indicates this species has good abiotic stress tolerance [10] . Because of its graceful flowers and bright red color, L. pumilum (L. tenuifolium Fisch. ex Hook.) is highly valued as an ornamental wildflower [11] . In addition to its esthetic value, it has been used in traditional medicine [12] and food products [13] . As described in the Chinese Pharmacopoeia (volume I, 2015) [14] , the crude drug, Lilium Bulb, is derived from L. pumilum. And Lilium Bulb has been used to treat coughs, bronchitis, insomnia and restlessness, and convulsions experienced in association with high fever. Although plants belonging to the family Liliaceae are rich sources of bioactive chemicals, few studies have focused on L. pumilum [1, 2, 6, 12, 15] . In addition, phenolic compounds can provide attributes, such as color, texture, bitterness, astringency and functional properties to plants. Phenolic compounds have attracted much attention due to their antioxidant behavior and potential health benefits [16] . To date, no studies have been conducted regarding the variation in phenolic compounds and antioxidant capacities among different organs of L. pumilum.
The purpose of this investigation was to identify and quantify the concentration of the phenolic compounds and antioxidant activities in different organs of L. pumilum. Such data could contribute to our knowledge of plant development, plant metabolism, and physiology, as well as chemical ecology. Moreover, we aimed to acquire more information about the prospects L. pumilum in industrial applications. Each value is expressed as the mean ± SD (n = 3). Means with different letters within each column are significantly different (p< 0.05).
Total phenolic, and flavonoid content: To the best of our knowledge, there are only a few reports that have investigated the phenolic composition of L. pumilum [2, 12] . In the present study, the TPC and TFOC of 12 different organs from L. pumilum were measured. As shown in Table 1 , there is significant variation in the TPC and TFOC among the 12 different organ samples (p < 0.05).
Among all the tested samples of L. pumilum, the leaf contained the highest TPC, with a value of 2490.5 mg GAE/100 g DW, which was much higher than in the leaves of Brassica rapa (148.8-347.5 mg GAE/100 g DW) [17] . The bulb scale had the lowest TPC at 297.2 mg GAE/100 g DW, which was lower than that in L. pumilum (417.7 mg GAE/100 g DW) from Taibai County, Shaanxi Province, China [2] . This variation might be caused by differences in growing conditions. Compared with those of other species in the same family (Liliaceae), the TPC measured in the L. pumilum bulbs was greater than that in the Lilium davidii var. unicolor (201.7 mg GAE/100 g DW), and Lilium lancifolium (282.7 mg GAE/100 g DW), and it was lower than that in the Lilium concolor (389.7 mg GAE/100 g DW), Lilium regale (1038.2 mg GAE/100 g DW) [2] , and Lilium leucanthum (1504.3 mg GAE/100 g DW) [18] as well as other species, such as onion and shallot, which belong to the Allium genus [19] . The organs of L. pumilum based on TPC content are ranked as follows: leaf > flower bud > seed > pericarp > petal > upper stem > seed coat > basal plate > basal root > lower stem > stem-root > bulb scale. These results highlighted the significant differences in total phenolic content among different organs of L. pumilum. This suggests that the aboveground organs of L. pumilum are the best sources of extracts with high TPC content.
Flavonoids have ideal structures for the sequestration of free radicals and are considered more effective than VE and VC as antioxidants [20] . There was significant variation in the TFOC content of different L. pumilum organ extracts. The TFOC in different organs of L. pumilum varied from 104.1 mg RE/100 g DW (bulb scale) to 3139.8 mg RE/100 g DW (flower bud). Similar to TPC, the lowest level was found in bulb scale, which is also lower than L. pumilum (339.1 mg RE/100 g DW) from Taibai County (34° 02' N, 107° 19' E), Shaanxi Province, China [2] . The Taibai population is located at lower latitude, but it had higher TPC and TFOC than Yuxian population in the bulb. And the same result was found in the bulbs of different populations of L. leucanthum [18] . [2] all contained higher TFOC than L. pumilum. The order of TFOC in different organs of L. pumilum was similar to that of TPC. This suggests that the aboveground organs of L. pumilum, especially the leaves and flower buds, are the best sources to obtain extracts with high TPC and TFOC. The aboveground organs are exposed to light; therefore, they accumulate more phenolic compounds, which provide protection from UV-B radiation stress and function as sunscreens [21] .
Contents of individual phenolic compounds:
To further understand the phenolic content of different organs from wild L. pumilum, all the organ extracts were analyzed by HPLC. The contents of the detected phenols in the studied organs of L. pumilum are listed in Table 2 . Two hydroxybenzoic acids, 5 hydroxycinnamic acids, 2 flavones, 4 flavonols, 1 flavanone, 2 flavan-3-ols and 1 anthocyanin were identified and quantified. These compounds are important secondary metabolites, and previous studies have shown that some are abundant in L. pumilum [2, 6] .
In general, the most abundant phenolic compound detected in L. pumilum was (−)-epicatechin, ranging from 1.4 to 736.6 mg/100 g DW, with an average concentration of 171.5 mg/100 g DW. The sum of (+)-catechin and (−)-epicatechin accounted for 0.8% to 76.3% (35.0% on average) of the total mass of phenolic compounds detected in each organ, making flavan-3-ols the most abundant type of phenolic compound in L. pumilum, which was the same as in other species, such as tree peony [22] and grape [16] .
According to the results, 7 phenolic compounds, including (+)-catechin, (−)-epicatechin, chlorogenic acid, rutin, p-coumaric acid, quercetin and kaempferol, were also detected in the bulbs of some other species of Lilium:
concolor, L. leucanthum and L. regale [2] . Moreover, 9 phenolic compounds, including ferulic acid, caffeic acid, cyanidin-3-rutinoside, (+)-catechin, (−)-epicatechin, chlorogenic acid, rutin, pcoumaric acid and kaempferol, were detected in the petals of some other species of Lilium: L. jankae [23] 
unicolor, and L. davidii [6] . Overall, there were large differences in the total concentrations of 17 individual phenolic compounds among all the samples. The highest concentration of phenolic compounds was found in the upper stem at 1166.8 mg/100 g DW, while the bulb scale had the lowest concentration at 59.4 mg/100 g DW. The concentrations of phenolic compounds in the 12 organs, from highest to lowest, were as follows: upper stem > flower bud > leaf > petal > lower stem > basal plate > basal root > seed > stemroot > seed coat > pericarp > bulb scale. Table 3 .
DPPH
• radical-scavenging activity: In the present study, the extracts of different organs of L. pumilum were capable of directly reacting with and quenching DPPH
• radicals. The antioxidant capacity of the organ samples, based on DPPH
• radical-scavenging ability, ranged from 603.5 (bulb scale) to 1706.6 (leaf) μmol GAE/100 g DW. The flower bud, petal, and upper stem exhibited relatively high DPPH radical-scavenging ability. Each value is expressed as the mean ± SD (n = 3). Means with different letters within each column are significantly different (p< 0.05).
ABTS
•+ radical-scavenging activity: High value of Troloxequivalent antioxidant capacity indicates that the antioxidants could terminate the oxidation process by converting free radicals to their stable forms [2] . In the ABTS
•+ assay, all samples showed significant radical-scavenging activity. The highest ABTS
•+ radical scavenging capacity (2988.4 μmol TE/100 g DW) was detected in the petal, followed by the leaf, upper stem, and flower bud, while the lowest capacity was found in the bulb scale at 396.9 μmol TE/100 g DW.
FRAP assay:
The FRAP values varied from 917.6 to 14763.6 μmol TE/100 g DW. For the FRAP assay, the leaf had the strongest antioxidant capacity, followed by the flower bud, petal, and upper stem, while the bulb scale yielded the lowest. The rankings were the same as for the results of the DPPH radical assay.
Overall, all three assay results (DPPH

•
, ABTS
•+ , FRAP) suggest that the antioxidant varied significantly in different organs of L. pumilum. Different chemical compositions of the different organs might be the cause [2] . The four aboveground organs, including the petal, leaf, upper stems, and flower bud, appeared to be good sources of antioxidants.
Relationships between phenolic compositions and different antioxidant capacities: Correlation analysis was used to reveal the relationships between the contents of phenolic compositions and 3 different antioxidant capacities measured in 12 different organs of L. pumilum (Table 4) .
Nine phenolic compounds were found to have a significant correlation with antioxidant capacity. There was significant correlation between (-)-epicatechin, kaempferol, rosmarinic acid and both DPPH and FRAP, while chlorogenic acid was significantly correlated (p < 0.05) with ABTS (r = 0.58). In addition, caffeic acid was significantly correlated (p < 0.05) with FRAP (r = 0.51). Surprisingly, a significantly negative correlation was found between salicylic acid and DPPH (r = -0.53, p < 0.05). (+)-Catechin had a significant positive correlation with antioxidant capacity as determined by the 3 different assays. This result was in good agreement with the previous study [22] . In the L. pumilum samples, rutin and quercetin were also found to have a significant positive correlation with all antioxidant capacities. Earlier investigations have also demonstrated that rutin exhibits antitumor, antidiabetic, and hypolipidemic properties [24] , and quercetin exhibits antiobesity, anti-carcinogenic, antiviral, antibacterial, and antiinflammatory properties [25] . The correlation analysis suggests that L. pumilum could be a potential resource of natural antioxidant compounds.
In conclusion, this study investigated the natural distribution of phenolic compounds in various organs of L. pumilum. To our 720 Natural Product Communications Vol. 13 (6) 2018 Liang et al. knowledge, this is the first report of these compounds in the different organs of L. pumilum. Our results suggest that the most abundant phenolic compound in L. pumilum was (-)-epicatechin. In the determinations of antioxidant capacities and phenolic content, the aboveground organs, especially the leaf, flower bud, upper stem, and petal of L. pumilum, exhibited higher activities and concentrations, which are known to have certain health benefits. Thus, it could be assumed that exposure to sunlight leads to higher antioxidant contents and enhanced production of varied antioxidants in L. pumilum. Furthermore, these results revealed that the phenolic contents were positively correlated with antioxidant capacities. Traditionally, the bulb scale of L. pumilum is the main organ used in medicine and food, but our research revealed this organ had the lowest concentrations of functional components and antioxidant capacities compared with other parts of the plant. Overall, these findings suggest that L. pumilum, particularly the leaf, flower bud, petal and upper stem of L. pumilum, could be used for exploring new functional foods, cosmetics and pharmaceutical products.
Further studies on other bioactive compounds and the pharmacological properties of L. pumilum extracts could lead to more industrial applications of this plant. For a better phytochemical characterization of this species, other populations of L. pumilum, in larger geographical regions in China, should be studied. This information could be useful in the development of L. pumilum as a crop in China.
Experimental
Plant materials: L. pumilum plants were collected directly from their natural habitats in Yuxian County (39° 57' N, 114° 55' E), Hebei Province, China, 2015. Plants were picked from three different areas, separated by 1000 m from one another. A total of 30 fully mature plants were selected randomly from each area. Each plant was harvested by hand and manually separated into the following plant organs: bulb scale, lower stem, basal plate, stem root, basal root, upper stem, flower bud, leaf, petal, pericarp, seed and seed coat ( Figure 1 , Table 5 ). Flower buds and petals were collected in July, when they were mature, and the other organs were collected in September. All of the organs from the 30 individual plants were cleaned, pooled together by organ type, and placed in a sealed foam box with ice to keep them fresh. The samples were taken to the lab immediately, frozen under liquid nitrogen, lyophilized on a vacuum-freeze-dryer (LGJ-50F, Beijing Huaxing Technology Development Co., Ltd. Songyuan, China) for 72 h until dry, ground into a fine powder with liquid nitrogen in a freezer-mill , TPTZ, and Trolox were purchased from Sigma-Aldrich (St. Louis, USA). HPLC grade acetonitrile and methanol were obtained from Thermo Fisher Scientific (USA). TFA was purchased from Merck (Darmstadt, Germany). All other regents were of analytical grade and obtained from Beijing Chemical Works (Beijing, China).
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Extraction and determination of phenolic content: For the determination of phenols, the extraction protocol was adopted from a method published by Wang et al. [26] , with some modifications. Sample powders (0.2000 g) were transferred to 10 mL centrifuge tubes, mixed with 2 mL of a mixture of methanol: water: formic acid: trifluoroacetic acid (70:27:2:1 ratio by volume). The mixture was shaken on a QL-861 vortexer (Kylinbell Lab Instruments, China) to ensure even mixing. The samples were sonicated in a KQ-500DE ultrasonic cleaner (Ultrasonic instruments, China) at 25°C for 30 min and centrifuged in a SIGMA 3K30 centrifuge (SIGMA centrifuge, Germany) at 12,000 rpm for 10 min. The supernatant was then collected, and 2 mL of the methanol extraction solution were added to the residue. The extraction procedure was repeated 3 times, until the residue became colorless. Three replicates were carried out for each sample. Phenolic content, individual phenolic compounds, and antioxidant capacity were determined in the pooled extracts.
TPC was determined according to the Folin -Ciocalteu colorimetric method using gallic acid as a standard [22] . Briefly, 5.9 mL of distilled water, 0.1 mL of the sample extract, and 0.2 mL of Folin-Ciocalteu reagent were added to a 10 mL glass centrifuge tube successively. After stirring the mixture for 5 min, 2 mL of sodium carbonate (10%, w/v) was added. The mixture was allowed to react at room temperature in the dark for 2 h, and the absorbance was measured at 765 nm using a UV-visible spectrophotometer (UV-1700, Shimadzu Corp., Kyoto, Japan). Three replicates were carried out for each sample. The results are expressed as milligrams of mg GAE/100 g DW.
TFOC was determined according to the aluminum chloride colorimetric method with some modifications [16] , using rutin as a standard. Briefly, 0.3 mL of sample extract were mixed with 0.7 mL methanol in a 10 mL centrifuge tube, and the mixture was further diluted with 2.7 mL of 30% methanol. Next, 0.2 mL of sodium nitrite (0.5 mol/L), and 0.2 mL of aluminum chloride (0.3 mol/L AlCl 3 ) were sequentially added to the tube, and the mixture stood for another 5 min. Then, 1 mL of sodium hydroxide (1 mol/L) was added to the reaction mixture, and the absorbance was measured at 510 nm. Three replicates were carried out for each sample. The results are expressed as mg RE/100 g DW.
Analysis of individual phenolic compounds by HPLC-DAD:
Individual phenolic compounds were determined by HPLC, as previously described [2] . The sample extracts were filtered through 0.22 μm Millipore membrane (Shanghai ANPEL, China), and 10 μL of the solution was injected onto the HPLC system. Chromatographic separations were performed on a reverse phase column (ODS-80Ts QA C18, 4.6 mm × 250 mm internal diameter, Tosoh, Tokyo, Japan). The mobile phase was composed of 0.1% formic acid in ultrapure water (A) and acetonitrile (B). The gradient elution was performed as follows: 0-2 min, 5% B; 2-25 min, 5-70% B; 25-28 min, 70-70% B; 28-33 min, 70-5% B; 33-35 min, 5% B. The column temperature was maintained at 35°C, and the flow rate was 0.8 mL/min. The detection wavelengths were 515 nm for anthocyanin, 350 nm for flavonol, 330 nm to detect rosmarinic acid, chlorogenic acid and flavones, and 280 nm to detect other phenolic acids and flavanols. Phenolic compounds were identified by comparing the chromatograms with that of commercial standards. Three replicates were carried out for each sample. The results are expressed as mg/100 g DW.
Antioxidant capacity determination: FRAP assays, DPPH
• radicalscavenging activity and ABTS
•+ radical-scavenging activity assays were used to evaluate the antioxidant capacity of the extracts according to the method described by Wang et al. [26] .
The DPPH
• free radical-scavenging activity was determined by the following procedure: 100 μL of sample extract was allowed to react with 3.9 mL of 25 mg/L DPPH
• solution for 30 min in the dark. The absorbance was measured at 515 nm. Gallic acid was used as an internal standard. The results are expressed in μM GAE/100 g DW.
The ABTS
•+ assay was performed as follows: ABTS •+ reagent was produced by reacting 10 mL of 7 mM ABTS
•+ solution with 178 μL of 140 mM potassium persulfate aqueous solution. The mixture was kept in the dark at room temperature for 14 h before use. The ABTS
•+ solution was diluted with PBS buffer to the appropriate absorbance. A sample volume of 5 μL was added to 995 μL diluted ABTS
•+ . The mixture reacted in the dark at room temperature for 10 min, and the absorbance was measured at 732 nm. Trolox was used as an internal standard. The results are expressed in μM TE/100 g DW.
FRAP assay was carried out as follows: The FRAP reagent was produced from a mixture of 25 mL of acetate buffer (pH 3.6), 2.5 mL 10 mM TPTZ solution (prepared with 40 mM hydrochloric acid) and 2.5 mL 20 mM iron (III) chloride solution. Then, 5 μL of the sample extract reacted with 995 μL FRAP reagent in the dark at room temperature for 15 min. The absorbance was measured at 593 nm. Trolox was used as an internal standard, and the results are expressed in μM TE/100 g DW.
Statistical analysis: All data are expressed as the means ± standard deviations of three biological replicates. Statistical analysis was performed using the SPSS version 19.0 software (SPSS for Windows, Release 19.0, SPSS Inc.). Significant differences among all organs tested were calculated using a one-way ANOVA test, followed by Duncan's multiple range tests at a 0.05 level (p ≤ 0.05).
